ELECTRIC CELL 

CROSS-REFERENCE TO RELATED APPLICATIONS 

This application is based upon and claims the benefits of priority from 
the prior Japanese Patent Application Nos. 2000-300987 and 2000-300994 filed 
on September 29, 2000; the entire contents of which are incorporated herein by 
reference. 

FIELD OF THE INVENTION 

The present invention relates to an electric cell using a negative 
electrode of aluminum. 

BACKGROUND OF THE INVENTION 

Currently, manganese cells, alkaline cells, and so on have been used as 
electric power sources of a wide variety of portable electric devices such as 
handheld personal computers, personal digital assistants (PDAs), and cellular 
phones. Typically, each of these cells comprises: a negative electrode made of 
zinc; and a positive electrode made of manganese, with an electromotive force 
of 1.5 volts. As the portable electric devices became more advanced, the 
improvements in high voltage, high capacity, and lightweight characteristics of 
primary or secondary cells have been demanded. 
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In contrast, it has been expected that the improvements in high voltage, 
high capacity, and lightweight characteristics of such primary cells would be 
easily attained, compared with those of the primary cells using the negative 
electrodes made of zinc. Thus, the primary cells using negative electrodes made 
of aluminum have been investigated and developed for a long time. Among 
the prior art technologies, for example, U.S. Patent No. 2, 838, 591 (1958) 
discloses a primary cell comprising a positive electrode containing manganese 
dioxide, a negative electrode made of aluminum, and an electrolyte consisting 
of a weak-acid aqueous solution of aluminum chloride. In this case, however, 
the aluminum employed in the negative electrode tends to react with the 
electrolyte, so that there are several problems of generating a gas as a reaction 
product and increasing the amount of self- discharge. Moreover, it is 
demanded that a primary cell of a high output by which a larger amount of 
current can be obtained as compared with that of using a weak-acid aqueous 
solution of aluminum chloride as an electrolyte. 



BRIEF SUMMARY OF THE INVENTION 



To overcome the limitations in the prior art described above and other 
limitations that will become apparent upon reading and understanding the 
present specification, it is an object of the present invention is to provide an 
electric cell using aluminum or aluminum alloy in a negative electrode. 

In the first aspect of the present invention, an electric cell using 
aluminum in a negative electrode comprises a positive electrode, the negative 
electrode containing aluminum or aluminum alloy, and an electrolyte arranged 
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between the positive electrode and the negative electrode, wherein the 
electrolyte includes: at least one ion selected from a group of a sulfate ion 
(SO4 2 ) and a nitrate ion (NO3); and an additive selected from a group of an 
organic acid, a salt of the organic acid, an hydrate of the organic acid, an ester 
5 of the organic acid, an ion of the organic acid, and derivatives thereof. 

In a second aspect of the present invention, an electric cell using 
aluminum in a negative electrode comprises a positive electrode, the negative 
P electrode containing aluminum or aluminum alloy, and an electrolyte arranged 
yn between the positive electrode and the negative electrode, wherein the 
JEO electrolyte comprises at least one ion selected from a group of a sulfate ion 
Crj (SO4 2 ) and a nitrate ion (NO3 ); and a surface of the negative electrode is 

contacted with one selected from an organic acid, a salt of the organic acid, an 
'*■[ hydrate of the organic acid, an ester of the organic acid, an ion of the organic 

acid, and derivatives thereof. 
? T5 Here, the additive or a material to be contacted with the surface of the 

negative electrode can be at least one functional group selected from a 
carboxylic group (COOH), a sulfonic group (SO3H), a hydroxyl group (OH), and 
a nitro group (NO2); and a derivative thereof. 

The additive or a material existing on the surface can be a polymeric 
20 compound and a derivative thereof. 

The electrolyte may contain a halogen ion. 

In a third aspect of the present invention, an electric cell using 
aluminum in a negative electrode comprises a positive electrode, the negative 
electrode containing aluminum or aluminum alloy, and an electrolyte arranged 
25 between the positive electrode and the negative electrode, wherein the 
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electrolyte includes at least one ion selected from a group of a sulfate ion 
(SO4 2 ) and a nitrate ion (NO3 ); and the surface of the negative electrode 
includes an oxide layer containing at least one element selected from a group of 
chromium, sulfur, nitrogen, boron, carbon, and phosphorus. 

Here, the negative electrode may include the oxide layer containing: at 
least one of organic acid selected from a group of sulfuric acid, nitric acid, oxalic 
acid, chromic acid, boric acid, phosphoric acid, carbonic acid, sulfosalicylic acid, 
maleic acid, acetic acid, and carboxylic acid; an ion of the organic acid; a salt of 
the organic acid; or derivatives thereof. 

In a fourth aspect of the present invention, a cell using aluminum in its 
negative electrode comprises a positive electrode, a negative electrode 
containing aluminum or aluminum alloy, and an electrolyte arranged between 
the positive electrode and the negative electrode, wherein the electrolyte 
includes: at least one ion selected from a group of a sulfate ion (SO4 2 ) and a 
nitrate ion (N0 3 ); and an additive, where the additive includes one of: a 
heterocyclic organic compound containing nitrogen; and a nitrogen-containing 
organic compound containing at least one functional group selected from a 
group of an amino group, an imino group, an azi group, and an azide group, an 
ion of the nitrogen-containing organic compound, a salt of the 
nitrogen-containing organic compound, or a derivative of the 
nitrogen-containing organic compound. 

Here, the negative electrode may be comprised of an alloy of aluminum 
with at least one metal selected from Mn, Cr, Sn, Ca, Mg, Pb, Si, In, and Zn. 

The thickness of the oxide layer may be from 0.1 nm to 1,000,000 nm, 
preferably from 5 nm to 50,000 nm. 
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The amount of the organic acid to be introduced into the oxide layer 

may satisfy 10 11 < y < 0. 1, preferably 10 7 < y < 0. 1 when the composition of an 

oxide coating film is defined as AI2O3 + zXy where X denotes Cr, S, N, B, C, or B, 

and Z is a given number. 
5 The additive may be at least one selected from a group of- methyl 

alcohol, ethyl alcohol, propyl alcohol, butyl alcohol, phenol, glycerol, glycolic 

acid, ethylene glycol, formic acid, acetic acid, propionic acid, oxalic acid, 
n salicylic acid, sulfosalicylic acid, malic acid, tartalic acid, succinic acid, fumaric 

acid, phtalic acid, malonic acid, citric acid, maleic acid, lactic acid, butyric acid, 
J10 pyruvic acid, benzoic acid, sulfobenzonic acid, nitromethane, sulofoaniline, 

sulfonyl nitorobenzene, polyvinyl alcohol, vinyl acetate, vinyl sulfonate, poly 
5 (sulfonate vinylbenzene), poly(vinyl acetate), methyl acetate, acetic anhydride, 
-i maleic anhydride, phthalic anhydride, diethyl malonate, sodium benzoate, 

sodium sulfobenzoate, sulfoaniline chloride, chlorethyl acetate, dichlormethyl 
W5 acetate, poly (vinyl acetate potassium salt), poly (stylene lithium sulfonate), 

polyacrylate, and lithium polyacrylate. 

The concentration of the additive in the electrolyte may be from 0.0001 

to 40 % by weight, preferably from 0.0001 to 30 % by weight. 

The above and other objects, effects, features, and advantages of the 
20 present invention will become more apparent from the following description of 

embodiments thereof taken in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 
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Fig. 1 is a cross sectional view of a coin-shaped electric cell as 
embodiments of the present invention; and 

Fig. 2 is a cross sectional view of a cylindrical-shaped electric cell as 
embodiments of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 



„ An embodiment of the invention will be explained according to Fig. 1. 

As shown in the figure, a cell is formed as a closed container by fixing a sealing 

]J0 plate 5 on a negative electrode container 1 through an insulating gasket under 

; . an electrically insulating condition. The negative electrode container 1 
serving as a cell container and a negative electrode is in the shape of a 
closed- end cylinder and is made of aluminum or aluminum alloy. The sealing 
plate 5 serving as a positive electrode terminal is in the shape of a closed-end 

1=15 cylinder and is made of a metal such as molybdenum, tungsten, lead, or 
titanium nitride. 

In addition, a separator 2 of an insulating porous body is arranged on 
an inner bottom portion of the negative electrode container 1. Apositive 
electrode mixture 3 containing manganese dioxide as a positive electrode 
20 activator and a positive electrode current collector 4 of a conductive material 
such as tungsten are stacked on the separator 2 in order. By the way, the 
current collector 4 is contacted with the sealing plate 5, so that an electric 
conductivity between the positive electrode mixture 3 and the sealing plate 5 
can be conferred. 

25 Furthermore, the closed container is filled with an electrolyte. The 
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electrolyte can be retained in, for example pores of the separator and the 
positive electrode mixture between the positive electrode and the negative 
electrode. Therefore, it is constructed so that the electrolyte can be 
sandwiched between the positive electrode and the negative electrode container 
1. 

The electrolyte used in the embodiment may be an aqueous solution 
containing a sulfate ion or an aqueous solution containing a nitrate ion. In 
other words, the electrolyte contains a sulfate ion(S0 4 2 ) or a nitrate ion(N0 3 ) is 
contained in the electrolyte. 

Furthermore, the electrolyte may contain an additive such as an 
organic acid, a salt, ester, anhydride, or ion thereof, or a derivative thereof. 
Alternatively or in addition to the additive, a nitrogen-containing organic 
compound may be contained in the electrolyte. 

In the electric cell as constructed above, for example, reactions 
represented by the following formulas (l) and (2) are performed on the positive 
and negative electrodes, respectively. Especially, the reaction using a high 
reactive ion such as a nitrate ion or a sulfate ion allows a high output of the 
electric cell. 

Positive electrode: Mn0 2 + H + + e - -> MnOOH (l) 
Negative electrode: Al -» Al3+3e" (2) 

Aside from the cell reaction, there is a tendency to corrode the 
aluminum of the negative electrode (i.e., to cause a self-discharge) by a 
corrosion reaction of the following formula (3) when a sulfate aqueous solution 
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is used as the electrolyte. As described above, as the nitrate and sulfate ions 
have high reactivities, the corrosive properties of the ion are high in spite of 
generating a high output from the cell. 

5 2Al + 3H 2 S0 4 -> A1 2 (S0 4 )3 + H 2 1 (3) 

In the electric cell of the embodiment using aluminum in an negative 
electrode, the addition of the above additives such as the organic acid in the 
« electrolyte allows the restriction on the corrosion reaction (3) with little loss of 
10 the reactions (l) and (2). 

The electric cell structure to be applied in the invention is not limited to 
a coin shape. Various modified shapes may be allowable in the invention. As 
shown in Fig. 2, for example, the electric cell may be configured in the shape of 
a cylinder. Hereinafter, we will describe the configuration of the electric cell 
15 with reference to Fig. 2. 

In Fig. 2, a rod-shaped negative current collector body 28 is welded on a 
negative terminal plate 27. A negative electrode sealing plate 29 is fixed on the 
lower part of the current collector 28 by insertion. A separator 10 in a 
closed- cylinder shape is arranged so as to enclose a negative electrode gel 11 
20 comprised of aluminum particles and polymer. 

The negative gel 11 fills the space defined by the separator 10 and the 
sealing plate 29. A positive electrode mixture 12 in a cylindrical shape is 
arranged on the peripheral surface of the separator 10. The top surface of the 
separator 10 and the top and peripheral surfaces of the positive electrode 
25 mixture 12A are covered with a positive electrode current collector 13 in a 



closed-cylindrical shape covers. 

The negative electrode gel 11, the separator 10, and the positive 
electrode mixture 12 are impregnated with the electrolyte. A positive 
electrode terminal 14 in a hat shape is arranged on the top surface of the 
positive electrode current collector 13. An outer casing 15 in a cylindrical 
shape has upper and lower ends inwardly bent to form upper and lower bent 
portions, respectively. Also the outer casing 15 covers the peripheral surface 
of the positive current collector 13. The inner surface of the upper bent 
portion is adhered on the peripheral surface of the positive electrode terminal 
14 with an adhesive insulating material such as a tar or a pitch. On the other 
hand, the lower bent portion is adhered on the peripheral edge of the negative 
electrode terminal plate 27 with an adhesive insulating material 16 such as a 
tar or a pitch. At least the inner surface of the outer casing 15 is made of a 
resin. For example, the outer casing 15 is coated with the outer case tube 17 
made of a metal thin leaf. 

Now, the electric cell of the invention will be described in the follows for 
every component thereof. 

(a) Positive Electrode 

The positive electrode comprises: a positive mixture 3 including a 
positive electrode active material, a conductive agent, and so on, and optionally 
a binder; and a current collector 4 on which the positive mixture 3 is formed. 

The positive active material may be a metal oxide, a metal sulfide, a 
conductive polymer, and so on. The metal oxide may be manganese dioxide 
(Mn0 2 ), or alternatively it may be selected from lead dioxide (Pb0 2 ), nickel 



hydroxide (NiOOH or NiXOEb)), silver oxide (Ag20), iron oxide, and so on. The 
iron oxide may be FeO, Fe02, FeOx (wherein X > 1.5), MxFeCU (wherein M 
represents one selected from Li, K, Sr, and Ba, and X > l), or the like. 

The metal sulfide may be iron sulfide (FeS), nickel sulfide (NiS) and so 

5 on. 

The conductive polymer may be polyaniline, polypyrrole, an organic 
sulfur compound such as a disulfide compound or a sulfur compound, or the 
like. Among them, manganese dioxide is preferable. 

vJ The conductive agent may be graphite, acetylene black, carbon black, or 

010 the like. 

i= Depending on the amount of a given conductive agent in the positive 

1 J electrode mixture, an electronic conductivity between the positive electrode 
y mixture and the current collector can be increased. Preferably, the amount of 
LJ~ the conductive agent is of 1 to 20 % by weight on the basis of the mixture. In 
Tfb other words, if it is less than 1 % by weight on the basis of the mixture, the 

electronic conductivity in the positive electrode mixture cannot be increased to 
a sufficient degree. If it is greater than 20 % by weight on the basis of the 
mixture, the amount of the positive electrode active material in the mixture 
can be decreased to raise the possibility of preventing the sufficient positive 
20 electrode reaction. 

The positive electrode mixture 3 may be also prepared by blending a 
powdery positive electrode active material with a powdery conductive agent 
and then pressure-molding the blended materials into a pellet. In addition, 
the binder may be additionally blended in the positive electrode mixture as 
25 needed to fix the positive electrode active material on the surface of the current 
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collector. 

The binder to be contained in the positive electrode mixture may be 
polytetrafluorethylene or the like. 

The positive electrode current collector 4 supporting the positive 
electrode mixture is provided for improving the electronic conductivity between 
the positive electrode mixture and the positive electrode terminal. 

The positive electrode current collector can be prepared as a porous 
body or a non-porous body. A material adaptable for use as the positive 
electrode current collector 4 may be at least one selected from tungsten (W), 
molybdenum (Mo), lead (Pb), and titanium nitride (TiN), or preferably may be 
one containing a conductive material such as a carbonaceous material. Each 
of tungsten (W), molybdenum (Mo), and lead (Pb) may exist singly in the 
positive electrode current collector. Alternatively, two ore more elements 
selected from tungsten (W), molybdenum (Mo), and lead (Pb) may exist in 
combination as an alloy. On the other hand, the TiN-containing positive 
electrode current collector may be provided as one made of titanium nitride, or 
it may be provided as a metal plate such as a nickel plate having a surface 
coated or plated with titanium nitride. Among them, the metal selected from 
the group of tungsten (W) and molybdenum (Mo) or a carbonaceous material is 
preferably contained as a conductive material in the positive electrode current 
collector. 

The content of the conductive material comprised of one ore more 
selected from tungsten (W), molybdenum (Mo), lead (Pb), and titanium nitride 
is preferably 99 % or more by weight on the basis of the positive electrode 
current collector, more preferably 99.9 % or more. 
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The positive electrode current collector using the carbonaceous material 
as the conductive agent may be prepared by blending the powdery 
carbonaceous material with the binder followed by pressure-molding. The 
powdery carbonaceous material may be a graphite power or a carbon fiber. 
The content of the carbonaceous material is preferably 80 % or more by weight 
on the basis of the positive electrode current collector, more preferably 90 % or 
more by weight. This positive electrode current collector may be also mixed 
with the electrolyte described below in advance. Furthermore, the positive 
electrode current collector using the carbonaceous material can be also 
prepared as a porous body or a non-porous body as needed. 

(b) Negative Electrode 

The negative electrode 1 is made of aluminum or aluminum alloy. If 
aluminum is used as the negative electrode 1, the purity of aluminum is 
preferably 99.5 % or more by weight. In other words, it is preferable that the 
content impurities such as Fe and Cu, by which a self- discharge can be easily 
initiated, is 0.5 % or less by weight on the basis of the aluminum. If the 
content of impurities exceeds 0.5 % by weight, the negative electrode becomes 
more susceptible to the corrosive effect of the electrolyte, threatening to cause 
the self- discharge heavily or to generate a gas. More preferable purity of 
aluminum is 99.9 % or more by weight. 

Specifically, aluminum alloy to be used in the negative electrode may be 
made of a combination of Al with at least one metal difficult to cause the 
self-discharge. Such a metal may be selected from Mn, Cr, Sn, Ca, Mg, Pb, Si, 
In, and Zn. Among them, Mg and Cr are preferably selected and combined 
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with Al to make a preferable aluminum alloy. The composition of the 
aluminum alloy may be 94.5wt%AL-2wt%Mg-3.5wt%Cr, 95%Al-5wt%Mg, 
99.5%Al-0.3wt%Mn-0.2wt%Zn, or the like. 

The negative electrode having the structure shown in Fig. 2 may be 
5 prepared by mixing aluminum or aluminum alloy with the electrolyte described 
below in advance. In addition, the surface of the negative electrode may be 
coated with a coating material. The coating material may be an organic acid, 
a salt of the organic acid, an anhydride of the organic acid, an ester of the 
J3 organic acid, an ion of the organic acid, or one selected from compounds or high 
010 molecular compounds having at least one functional group selected from a 
=P carboxylic group (COOH), a sulfonic group (SO3H), a hydroxyl group (OH), a 
O nitro group (NO2), and derivative thereof, which will be described in the 
- subsequent paragraph of additives. 

/f Any material made of the additive contained in the surface of 

fS5 aluminum or aluminum alloy has the same effect of preventing the corrosive 

reaction just as in the case with the oxide described below. Such a material 

will be described in the paragraph (d-2) of the additives. 

Furthermore, an oxide layer can be formed as a coating film on the 

negative electrode. That is, the coating film is made of an acid or the like 
20 (including ion, salt, or derivative) containing Cr, S, N, B, C, or P in the inside of 

the oxide layer or in the surface of the oxide layer. The coating film is applied 

on the surface of aluminum or aluminum alloy to prevent the corrosive reaction 

between the electrolyte such as H2SO3 and the negative electrode such as 

aluminum. 

25 The corrosive reaction represented by the formula (3) can be also 
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caused by the following formulas (4) and (5) with respect to sulfuric acid and 
aluminum, respectively. In this case, it seems that the corrosive reaction on 
the negative electrode will be prevented. That is, the electronic conductivity of 
the above coating film formed on the surface of the negative electrode is low, so 
5 that electrons can be less smoothly transferred from the sulfuric acid and the 
aluminum when the electric cell is in a rest state. 

Sulfuric acid: H 2 S0 4 + 2& -> (S0 4 ) 2 " + H 2 1 (4) 
Al: Al -> Al 3 + + 3e" (5) 

yy The oxide layer on the surface of the negative film is formed by an acid 

- 10 treatment of the aluminum surface at the time of manufacturing the negative 
JC electrode. Specifically the acid to be used in the acid treatment may be 

sulfuric acid, nitric acid, oxalic acid, chromic acid, boric acid, phosphoric acid, 
carbonic acid, sulfosalicylic acid, maleic acid, acetic acid, carboxylic acid, or the 
i like. These acids contain an element such as Cr, so that such an element can 
if> be incorporated as an acid or an ion into the oxide layer. 

In the acid treatment on the negative electrode, furthermore, the oxide 
layer can be formed by dipping the aluminum or the aluminum into a solution 
prepared by dissolving the above acid or the like in an appropriate solvent. 
During the acid treatment, the organic acid, or an ion, salt, or derivative 
20 thereof is incorporated into the oxide layer. The duration of dip -coating and 
the acidity in the solution may be varied depending on the desired thickness of 
the oxide layer, the concentration of the above organic acid or the like to be 
doped, and so on. 

The solution may be prepared as an acidic solution containing about 
25 0.00000 1M/L to 30M/L, preferably 0.0 1M to 5M/L of the above acid. 
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In case of necessity, an anodic oxidation may be performed under the 
condition of dipping the aluminum or the aluminum alloy as described above to 
form an oxide coating film containing the organic acid or the like. 

The thickness of the oxide coating film is in the range of 0.1 nm to 
1,000,000 nm, preferably in the range of 5 nm to 50,000nm. If it is less than 
0.1 nm, it becomes difficult to sufficiently protect the negative electrode from 
corrosion damage. If it is more than 1,000,000 nm, on the other hand, there is 
a possibility of preventing the electrode reaction. 

In this manner, it is preferable to introduce the organic acid or the like 
into the oxide coating film so that the amount of the organic acid or the like 
will satisfy 10 " < y < 0. 1 or 10 ? < y < 0. 1 when the composition of the oxide 
layer is represented by A1 2 0 3 + zXy (wherein X is Cr, S, N, B, C, or P, and Z is a 
given value). 

(c) Separator 

The separator is made of an insulating material for preventing the 
electron transfer between the positive electrode and the negative electrode. In 
general, however, the separator may be of a porous body because of the 
necessity for keeping the electrolyte in the separator and for allowing the 
movement of an ionized electrolyte through the electrolyte. The material to be 
used as the separator may be Kraft paper, synthetic fabric sheet, natural fabric 
sheet, non woven fabric, glass fiber sheet, polyolefine porous film, or the like. 

Preferably, the thickness of the separator is in the range of 10 Dm to 
200 Dm. If it is thinner than 10 Dm, there is a possibility of causing a short 
circuit between the positive electrode and the negative electrode. If it is 
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thicker than 200 Dm, especially 1,000 Dm, on the other hand, the moving 
distance of the ionized electrolyte is increased, resulting in the decrease in the 
electrolytic conductivity. 

Furthermore, there is no need to provide any separator between the 
positive electrode and the negative electrode if the configuration of the electric 
cell is able to retain the electrolyte between the positive electrode and the 
negative electrode in addition to arrange the positive electrode and the 
negative electrode without contact to each other. 

The electrolyte may be used as the so-called solid electrolyte by forming 
a gel with a thickening agent. In this case, a thickening agent phase formed 
in the electrolyte is able to act as a separator, so that an electrolyte phase will 
be retained in the thickening agent phase. 

(d) Electrolyte 

The electrolyte to be used in the invention comprises an electrolyte, a 
solvent to dissolve the electrolyte, and an additive for preventing the corrosive 
reaction between the electrolyte and the negative electrode. In this 
configuration, a separator may be optionally provided between the negative 
electrode and the positive electrode. If the negative electrode is made of an 
oxide material, the electrolyte can be prepared using the electrolyte and the 
solvent for dissolving the electrolyte. 

(d-1) Electrolyte 

The electrolyte to be used in the invention is any electrolyte that allows 
the supply of at least one ion species selected from a sulfate ion (S0 4 2 ) and a 



16 



nitrate ion (NOs ). Therefore, the supply of high reactive ion such as S0 4 2- 

and N0 3 " allows the high output power of the electric cell. 

The electrolyte in the type of supplying a sulfate ion (S0 4 2 ) may be a 

sulfuric acid, aluminum sulfate, sodium sulfate, lithium sulfate, or the like. 
The electrolyte in the type of supplying a nitrate ion (N0 3 ) may be a 

nitric acid, aluminum nitrate, sodium nitrate, ammonium nitrate, lithium 
nitrate, or the like. 

It is preferable to adjust the amount of the electrolyte in the electrolyte 
so that the concentration of nitrate ion or sulfate ion is in the range of 0.2 to 16 
M/L because of the following reason. That is, if the concentration of nitrate 
ion or sulfate ion is less than 0.2 M/L, the ionic conductivity becomes decrease. 
Thus, the formation of a coating on the surface of the positive electrode 
described below becomes insufficient, preventing the possibility of sufficiently 
protecting the negative electrode from the corrosive reaction. If the 
concentration of the nitrate ion or the sulfate ion is over 16 M/L, the formation 
of the coating the surface of the negative electrode becomes increased, so that it 
may become difficult to obtain the supply of high voltage. Therefore, the 
concentration of nitrate ion or sulfate ion is preferably in the range of 0.5 to 10 
M/L. 

In the electrolyte described above, the solvent for dissolving the 
electrolyte may be water, methyl alcohol, carbonate, or the like. 

(d-2) Additive 

The additive may be at least one species selected from the group of an 
organic acid, and a salt, ester, anhydride, and ion thereof. 



It is considered that the additive prevents the corrosive reaction 
between the electrolyte such as H 2 S0 4 and the negative electrode such as 
aluminum or aluminum alloy, by the existence of the additive on the surface of 
the negative electrode by means of a functional group of the additive. In the 
additives, there is one adsorbing on the negative electrode, or there is another 
one forming a coating on negative electrode. Furthermore, there is one 
forming a specific layer.. In addition, there is one located at a position near the 
negative electrode. They are able to exert their performances under their 
respective condition. 

In other words, it is considered that the corrosive reaction on the 
negative plate can be prevented. That is, the coating film as an additive 
component on the negative electrode surface is difficult to smoothly transport 
electrons between the nitric acid and the aluminum because of the decrease in 
the electronic conductivity. 

Specifically, the additive contained in the electrolyte may be one 
selected from the group of: an acid (an organic acid) having at least one 
functional group of a carboxylic acid (COOH), a sulfonic acid (S0 3 H), a 
hydroxyl group (OH), and a nitro group (NO2); a salt, hydride, ester, and ion 
thereof; and derivatives thereof. More specifically, the additives include: 
methyl alcohol, ethyl alcohol, propyl alcohol, butyl alcohol, phenol, glycerol, 
glycolic acid, ethylene glycol, formic acid, acetic acid, propionic acid, oxalic acid, 
salicylic acid, sulfosalicylic acid, malic acid, tartaric acid, succinic acid, fumaric 
acid, phtalic acid, malonic acid, citric acid, maleic acid, lactic acid, butyric acid, 
pyruvic acid, benzoic acid, sulfobenzonic acid, nitromethane, sulofoaniline, 
sulfonyl nitorobenzene, polyvinyl alcohol, vinyl acetate, vinyl sulfonate, poly 
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(sulfonate vinylbenzene), poly(vinyl acetate), methyl acetate, acetic anhydride, 
maleic anhydride, phthalic anhydride, diethyl malonate, sodium benzoate, 
sodium sulfobenzoate, sulfoaniline chloride, chlorethyl acetate, dichlormethyl 
acetate, poly (vinyl acetate potassium salt), poly (stylene lithium sulfonate), 
polyacrylate, lithium polyacrylate, and so on. Furthermore, the polymer may 
be a copolymer that includes one of them. 

Therefore, it is possible to prevent the corrosion of the negative 
electrode as the protective film made of the above organic acid or the like is 
formed on the surface of the negative electrode. 

The concentration of the additive in the electrolyte is preferably in the 
range of 0.0001 to 40 % by weight on the basis of the electrolyte because of the 
following reasons. That is, if the concentration of the additive is less than 
0.0001 % by weight on the basis of the electrolyte, the sufficient effects of the 
additive on the surface of the negative electrode cannot be obtained so that 
there is a possibility of preventing the sufficient inhibition of the corrosive 
reaction. If it is greater than 40 % by weight on the basis of the electrolyte, 
the ionic conductivity of the electrolyte/electrolyte decreases and thus it is not 
likely to be able to obtain the supply of high voltage any more. Therefore, 
more preferably, the concentration of the additive is in the range of 0.001 to 
30 % by weight on the basis of the electrolyte. 

Adjusting the concentration of the additive within that rage allows that 
the amount of the additive existing on the surface of the electrode is preferably 
kept in the range of about 1.0 x 10 20 g/cm2 to 1.0 g/cm 2 . If it is less than 1.0 x 
10-20 g/cm 2 , it becomes difficult to sufficiently prevent the corrosion of the 
negative electrode. If it is greater than 1.0 g/cm 2 , there is a possibility of 
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decreasing the ionic conductivity. 

The amount of the additive to be required for making a coating can be 
measured by an electrochemical quartz -resonator microbalance method. 
Alternatively, the effects of the present invention can be fully exerted if the 
amount of the additive is enough to detect the presence of the additive by 
means of any spectroscopic measurement such as an infrared 
spectrophotometry or a nuclear magnetic resonance spectroscopy. 

The electrolyte may further comprise one or more additional 
components. Preferably, the addition components include halogen ions of 
fluorides such as hydrofluoric acid, sodium fluoride, and ammonium fluoride; 
chlorides such as hydrochloric acid, aluminum chloride, lithium chloride, 
calcium chloride, and chromium chloride; bromides such as ammonium 
bromide, zinc bromide, and potassium bromate; and iodides such as ammonium 
include ammonium iodide and sodium iodide. Therefore, containing the 
halogen ion allows the increase in the amount of the additive being dissolved in 
the electrolyte. It becomes possible to improve the voltage of the electric cell. 

The concentration of the halogen ion in the electrolyte is preferably in 
the range of 0.0 1 to 6 M/L. If it is less than 0.0 1M/L, the effects to be obtained 
by containing the halogen cannot be attained sufficiently. On the other hand, 
if it is greater than 6 M/L, there is a possibility of increasing the self- discharge 
because of the corrosion of the negative electrode. Therefore, more preferably, 
the concentration of the halogen ion in the electrolyte is in the range of 0.05 to 
4 M/L. 

Alternatively, a nitrogen-contained heterocyclic organic compound; a 
nitrogen-contained organic compound having a functional group such as an 
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amino group (-NH 2 ), an imino group (-NH), an azi group (-N=N-), or an azide 
group (-N 3 ); a salt, ester, an ion, or derivative thereof; or the like may be added 
as another embodiment of the additive into the electrolyte. 

Specifically, the nitrogen-contained organic compound include pyridine, 
5 pyrazon, triazine, quinoline, acridine, acridone, aniline, dipyridyl, pyrrolidine, 
pyrazole, imidazole, thoriasole, diphenylamine, azobenzene, quinaldine, 
quinine, amino quinoline, aminobenzoic acid imidazole, oxyindole, 
benzothiazole, benzotriazole, oxyquinoline, acetamide, l,10phenanthroline, 
*Q 1,10-phenanthroline chrolide, bathophenanthroline, succinimide, aminobenzoic 
fflo acid, maleic acid imide, 2-mercapto-5-methylbenzimidazole, and so on. 
% The nitrogen-contained organic compound forms a protective film on 

^ the negative electrode by being adsorbed on the aluminum or the aluminum 
Jj alloy through nitrogen ions. The electronic conductivity of the protective film 

is comparatively small, so that for example the electron transfer between the 
pL5 sulfuric acid and the aluminum shown in the formulas (4) (5) can be prevented. 
Thereby, it is considered that the corrosive reaction on the negative electrode 
may be prevented. 

In addition, the concentration of the additive may be preferably 
adjusted so that the component of the coating film made of the additive being 
20 contacted on the surface of the electrode is kept in the range of 1.0 x 10' 20 g/cm 2 
to 1.0 g/cm 2 because of the reasons described above. 

Consequently, the electric cell using aluminum in a negative electrode 
allows a primary cell retarding self- discharge and gas generation. 

25 [Examplesl 
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Hereinafter, explanations of examples of the present invention in detail 
are made. 



[Example (l-l)] 

5 At first, an aqueous solution containing 1 M/L of sulfuric acid and 30 % 

by weight of acetic anhydride (CH 3 COOH) was prepared as an electrolyte. 

Corrosion Test 

A rounded aluminum rod (99.99 % in purity, 1.00 g in weight, 1 mm in 
10 diameter) was dipped into the obtained electrolyte. Then, the amount of the 

additive coated on the surface of the aluminum rod was measured using 
t J Electrochemical Microbalance (EQCM), followed by dipping the aluminum rod 
furthermore for three straight days. Gas generated during the immersion was 
gathered and the yield of gas was measured to estimate the corrosion of 
Jjib aluminum. The results are shown in Table I. 

Electric Cell Test 

As shown in Fig. 1, a coin-shaped electric cell using aluminum in a 
negative electrode was fabricated as foEows. 
20 At the beginning, a positive electrode mixture was prepared by 

blending a predetermined amount of manganese dioxide (Mn02) as a positive 
electrode active material with 7.5 % by weight of acetylene black and 5.0 % by 
weight of polytetrafluorethylene and subjecting the obtained blend to the press 
molding. 

25 A glass fiber sheet of 30 m in thickness provided as a separator was 
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held in a negative electrode container made of aluminum (99.9 % in purity) in a 
closed-cylindrical shape. Then, the positive electrode mixture obtained by the 
above step was placed on a separator. Subsequently, the same electrolyte as 
one used in the corrosion test was injected into the container. After the 
injection, a closed-cylindrical-shaped sealing plate made of a metal was fixed on 
the container by swaging them together through an insulating gasket, 
resulting in a coin-shaped electric cell of 20 mm in diameter and 1.6 mm in 
thickness. 

The electromotive force of the resulting cell was measured. Also, the 
cell capacity at the time of completing the discharge until the voltage fells to 
0.65 V at a current of 1 mAwas measured. 

[Examples (1-2) to (l to 45), Comparative Examples (l-l) to (l-3)] 

The corrosion test was performed by the same way as that of Example 
(l-l) using the same materials of the electrolyte as listed in Table 1. 

Also, each of the cells of Examples (1-2) to (l to 45) and Comparative 
Examples (l-l) to (1-3) was fabricated by the same way as that of Example 1 
except that the materials for preparing the positive electrode, the negative 
electrode, and the electrolyte were those of Table 1, respectively. The 
electromotive force of the cell and the cell capacity were measured by the same 
ways as those of Example 1. 

The results are listed in Tables 1 to 3. 
In the corrosion test, by the way, the yield of gas wad defined as 100 in 
the example (l-l), so that the results were represented by g the relative 
proportion to the example (l-l). 



23 



2 

O 


Ii 


11 


S 






8 | 




IS 




i£ 


If § 




Electromotive 
Force (V) 


sg 


5: 






s 3 


s 




55 


15 








11 








2 S 


s < 


IS: 








S S 




-I ! 


li 


i; 


ii 


1 


1 i 


Ii 


III 


iSi 


m 


III 


II 




S 
1 


i 






s 

1 

o 

J 


Lithium chloride 0.5 
Potassium chlorideO.25 


Is' 

SI 




i 




1 1 1 




f 


ill 

«; 


Ethyl alcohol 20 


i! 

1; 


II 
i | 


5 


Phthalic anhydride 
1.5 

Methyl alcohol 3 


I J 

"o ~ 

1- 

13 


lii 


II; 


ii: 


Oxalic acid 1 
Sulfosalicylic acid 2 
Malic acid 3 


?I 

IL 


i ; 


II 


J; 


I 


1 


1 1 


1 = 


Hi 




in 


III 


ll 




Si 


Nitric acid 10 


h 

ii 


il 

Ii 




! i 

i ! 


1- 


ii; 


"s; 
Ii: 


111 


II! 


il 


il 




ilil 


II 

^ < 


IS 


S 


S I 


SI 

^ < 


ii! 

E < < 


m 

e ^ < 


e < 


sss 

3 5 ^ 


SS 

^ < 


|2 


1 


n 


■t 


i 


a 


It 


> r- O 
- I < 

ill 


Example 1-13 


Example 1-15 
Example 1-15 


Example 1-16 
Example 1-17 
Example 1-18 


11 



1 


If 
c3 J 


1 


s 


1 


S 


s 






5 


1 


1 


s 








5 


g 


§ 


8 


1 




15 
O 


Electromotive 
Force (V) 


§ 


5 


S 


5 


5 






s 




S 


5 


5 






S 










s 


Corrosion Test 


§ 


§ 


s 


5 




s 






§ 


s 






S3 






1 








s 


Ingredient 
(g/cm2) 


I 


I 


I 


i 


i 


I 


I 


I 


I 


I 


i 


I 


I 


i 


1 


f 
1 


1 


I 




I 




Is 












1 


i 








1 


i 




i 






1 






i 




Additional 
Component (wt%) 


Fumaric acid 5 


Phthalic acid 1 


a 

1 

j 


S3 
1 

i 


I 


s 

! 
I 


Butyric acid 2.5 


1 

i 


a 

i 


Nitromethane 2 




li 


I 


1 

Ii 


Poly (p-styrene 
sulfonate) 2 


S 

1 


Maleic anhydride 2 


! 
1 


1 


1 

L 


4 

1 


I 


I 


1 


i 


I 




1 


1 


i 


i 


1 


Methylethyica 
rbonate 




I 


I 


1 


1 


1 


1 


i 


I 




Electrolyte (M/L) 


1 


| 


s 
1 

i 


1 

1 


SuHuric acid 3 


SuHuric acid 4 


Sulfuric acid 2 


i 


j 




il 


o 

il 


1 


1 


1 

i 


Sulfuric acid 1.5 I 


I 
i 


1 


Sulfuric acid 9 | 


Sulfuric acid 5 


ili 


s 
1 


I 


s 


1 


1 


g 
I 


! 


i 


! 


s 
1 


? 


! 


s 


1 


1 


I 


1 


I 


s 


I 




1 


! 

! 


! 


J- 

1 


! 
I 


i 
1 


i 


Example 1-28 


[ Example 1-29 j 


! 
1 


! 

1 


Example 1-32 


J- 

1 


J. 

i 


! 
1 


1 


! 
1 


? 

JL 

1 


! 
1 


Example 1-40 



25 



est j 


Capacity 
(mAh) 


8 


8 


8 


8 


f 


o 


3 


o 


Cell T 


Electromotive 
Force (V) 


1.95 | 




eg 


1.76 | 


1.87 I 


1.65 


1.65 




Corrosion 
Test 












14500 


8 

CO 


28900 


Is 


8.00E-07 j 


7.00E-04 


4.00E-03 


1.00E-06 | 


8.00E-01 | 












Potassium iodide 0.5 | 




0.25 




CO 










Others (wt%) 


i 


Potassium chloride 


Sodium fluoride 


Potassium bromide 


i 




! 


ectrolyte 


Additional Component 

(wt%) 


Ethyichloroacetate 0.01 | 


Potassium vinyiacetate 7 


Poly (Lithium 
p-styrenesulfonate) 5 


Polyacrylic acid 1 


Lithium poiyacrylate 0.01 | 


i 






CD 






"5. 
















Solvent 


Water 


Methyletl 
carbonati 


Water 


Water 


Water 


Water 


Water 


Water 




Electrolyte (M/L) 


Nitric acid 7.5 


Lithium sulfate 
10 


Sulfuric acid 1.5 


Nitric acid 0.5 | 


Sulfuric acid 2.5 | 


Sulfuric acid 2 


Sulfuric acid 0.5 


Aluminum nitrate 
2.5 


iitive 

) 


1 


1 


1 




1 


1 


is 


S 
o> 


Z "55 ~3 




AI9! 


AI9< 




? 


§5 


§5 






Example 1-41 | 


Example 1-42 


Example 1-43 


Example 1-44 | 


Example 1-45 | 


Comparative 
example 1-1 


Comparative 
example 1-2 


Comparative 
example 1-3 



26 



[Comparative Example (1-4)] 

A zinc manganese cell comprised of a positive electrode made of 
manganese dioxide, a negative electrode made of zinc, and 1 M/L of zinc 
chloride solution provided as an electrolyte, was prepared and was then 
subjected to the corrosion test and the electric cell test by the same procedures 
just as with the case of Example 1. 

In the corrosion test, as a result, hydrogen gas was generated 1.5 times 
more than that of Example (l- 1). In the electric cell test, furthermore, an 
electromotive force of 1.6 V and a capacity of 80 mAh were obtained. 

As shown in Tables 1 to 3, each of Examples Ol) to (1-45) having the 
respective electrolytes with organic acids allows the improvements in the 
voltage and the capacity of the electric cell while inhibits the generation of gas 
accompanied with the corrosion. 

On the other hand, in Comparative Examples (l-l) to (l-3) using the 
electrolyte containing nitrate ions or sulfate ions but organic acid, the excessive 
generation of gas depending on the corrosion was observed and the decreases in 
the voltage and the capacity were also observed. Similarly, the decreases in 
the voltage and the capacity were observed in the manganese cell. 

[Example (2-1)] 

In this example, as shown in Fig. 1, a coin-shaped electric cell using 
aluminum in a negative electrode was fabricated as follows. 

First, as an electrolyte, an aqueous solution containing 1 M/L of sulfuric 
acid, 0.1 M/L of aluminum chloride, and 2 % by weight of maleic acid were 
prepared. 
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Making of Negative Electrode 

A closed-cylindrical aluminum container ( 1mm in thickness and 
99.9 % in purity of aluminum, also served as a negative electrode) was dipped 
5 into 8 M/L of nitric acid for five days to form an oxide layer on the surface of 
the container. 

Then, the oxide layer was subjected to a composition analysis using an 
inductively coupled plasma (I CP) atomic emission spectrometer and a gas 
analyzer (available from LECO, U.S.A). As a result, the composition ratio of 
10 the oxide layer was represented by the formula^ AI2O3.01X0.1. 

Corrosion Test 

The obtained negative electrode was dipped into the electrolyte 
described above for three days. Gas generated during the immersion was 
15 gathered and the yield of gas was measured to estimate the corrosion of 
aluminum. The results are shown in Table 1. 

Electric cell Test 

At the beginning, a positive electrode mixture was prepared by 
20 blending a predetermined amount of manganese dioxide (Mn02) as a positive 
electrode active material with 7.5 % by weight of acetylene black and 5.0 % by 
weight of polytetrafluorethylene and subjecting the obtained blend to the press 
molding. 

A glass fiber sheet of 30 m in thickness provided as a separator was 
25 held in an aluminum container, which was obtained as described above. Then, 
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the positive electrode mixture obtained by the above step was placed on the 
separator. Furthermore, a positive electrode current collector was arranged on 
the positive mixture. Subsequently, the same electrolyte as one used in the 
corrosion test was injected into the container. After the injection, a 
5 closed-cylindrical-shaped sealing plate made of a metal was fixed on the 

container by swaging them together through an insulating gasket, resulting in 
a coin-shaped electric cell of 20 mm in diameter and 1.6 mm in thickness. 

The electromotive force of the resulting cell and the cell capacities at 
O the day of completing the fabrication and at a time completing the discharge 
jjp until the voltage fells to 0.65 V at a current of 1 mA after the preservation for 
"f! 100 days were measured. The results are listed in Table 4. 

% [Examples (2-2) to (2 to 15), Comparative Example (2-l)] 

Each of the cells of Examples (2-2) to (2 to 15) and Comparative 

15 Example (2-1) was fabricated by the same way as that of Example 1 except that 
the materials for preparing the positive electrode, the negative electrode, and 
the electrolyte were those of Table 4 and Table 5, respectively. The 
electromotive force of the cell and the cell capacity were measured by the same 
ways as those of Example 1. The results are listed in Table 6. 

20 In the corrosion test, by the way, the yield of gas wad defined as 100 in 

the example (2-l), so that the results were represented by the relative 
proportion to the example (2-1). 
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[Example (3-1)] 

A cylindrical-shaped electric cell as shown in Fig. 2 using aluminum in 
a negative electrode was prepared as follows. 

5 <Making of Positive Electrode> 

A positive electrode mixture was prepared by blending a predetermined 
amount of manganese dioxide (M11O2) as a positive electrode active material 
with 10 % by weight of acetylene black and 3 % by weight of 
polytetrafluorethylene as a binder and subjecting the obtained blend to the 
10 press-molding to make it into a cylindrical shape. In addition, a carbon film 
made of carbon fibers in 100 um in thickness was used as a positive current 
collector. 



<Making of Negative Electrode> 
t5 A negative electrode gel was prepared by blending 95 % by weight of an 

aluminum power (99.99 % in purity) with 4 % by weight of acrylate polymer as 
a thickening agent, followed by adding an electrolyte. Also, a stainless metal 
rod was prepared as a negative electrode current collector. 

20 <Making of Electric Cell> 

A cylindrical-shaped aluminum electric cell of 14 mm in diameter and 
50 mm in total height having the structure shown in Fig. 2 was fabricated as 
follows. The positive electrode mixture and a separator made of glass fiber (30 
□m in thickness) were arranged in the closed-cyhndrical positive current 

25 collector. Then, the separator was filled with the negative electrode gel, 
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followed by injecting the same electrolyte as that of explained in Example 1 
into the positive electrode mixture, the separator, and the negative electrode 
gel. Subsequently, the negative electrode current collector was inserted into 
the negative gel. After that, a negative electrode terminal plate, a positive 
5 electrode terminal, and an external-casing material made of polypropylene 
were used to seal the openings. 

The electromotive force and the cell capacity of the resulting cell were 
measured. That is, the cell capacity at the time of completing the discharge 
until the voltage fells to 0.65 V at a current of 100 mA was measured. An 

. 10 electromotive force of 1.85 V and a capacity of 2800 mAh were observed. Thus, 

jz a high voltage and a high capacity were attained. 

O 

[Examples (3-2) to (3 to 21), Comparative Examples (3-1) to (3-3] 
rU The composition of the electrolyte was prepared using materials listed 

Cl5 in Table 7 and Table 8. Then, 0.5 grams of aluminum power or aluminum 

alloy power (106 to 500 Dm in diameter) was poured in the electrolyte, followed 
by subjecting to the same corrosion test as that of Example 1. 

In addition, a cylindrical electric cell was fabricated by the same way as 
that of Example (3- 1) using the negative electrode material and the electrolyte 
20 listed in Table 8. The resulting cell was subjected to the measurements of 

electromotive force and cell capacity thereof. The results were listed in Table 8. 

Concurrently, a cylindrical electric cell of each comparative example 
was prepared by the same way as that of Example (3-1), except of using the 
electrolyte shown in one of Comparative Examples (3"l) to (3-3). The results 
25 are listed in Table 8. 
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[Comparative Example (3-4)] 

A zinc manganese cell comprised of a positive electrode made of 
manganese dioxide, a negative electrode made of zinc, and 1 M/L of zinc 
chloride solution provided as an electrolyte, was prepared and was then 
subjected to the corrosion test and the electric cell test by the same procedures 
just as with the case of Example (3-l). 

In the corrosion test, as a result, hydrogen gas was generated 1.2 times 
more than that of Example 1. In the electric cell test, furthermore, an 
electromotive force of 1.6 V and a capacity of 80 mAh were obtained. 

As a result, it is clear that the electric cell of the present invention 
using aluminum in a negative electrode is hardly susceptible to corrosion and is 
able to produce high-power. 

In summary, as described above, the electric cell of the present 
invention uses aluminum in a negative electrode, so that the voltage and the 
capacity of the cell can be improved as the generation of gas depending on the 
self- discharge is prevented. 

The present invention has been described in detail with respect to 
preferred embodiments, and it will now be obvious to those skilled in the art 
that changes and modifications may be made without departing from the 
invention in its broader aspects. 
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